Summary The NM23-H1 gene product has been recently identified as a potential metastasis suppressor. Studies on breast carcinomas have shown an inverse correlation between NM23-H1 status and stage of carcinogenesis and overall survival. However, in colorectal cancer, conflicting data have been reported. This study aimed to investigate whether NM23-H1 immunostaining is correlated with tumour stage, overall survival, disease recurrence, tumour differentiation, age and sex in colorectal carcinomas for the Singapore population using chisquare analysis. The staining was performed on 141 paraffin-embedded surgical specimens collected between 1991 and 1992 using a monoclonal anti-NM23-H1 antibody. Follow-up of patients was until time of death or for 5 years. There was a very significant inverse association between tumour staging and NM23-H1 status (P = 0.0004). However, NM23-H1 expression was not significantly correlated to overall 5-year survival, disease recurrence, tumour differentiation, age or sex. Thus, although NM23-H1 may be involved in suppressing metastasis, NM23-H1 immunohistochemistry has no prognostic value in colorectal cancer. This is the first report of a significant inverse association of NM23-H1 status with tumour staging in colorectal cancer which showed no correlation with overall survival or disease recurrence. Our result thus cautions against the practice of equating an inverse relation of genetic markers with tumour staging to survival or disease recurrence.
Tumour metastasis is the main cause of cancer mortality. Metastasis is a multistep complex process involving the up-or down-regulation of many different kinds of molecules, such as surface receptors, proteases and their inhibitors, motility factors, growth and organ specificity-determining factors from the microenvironment and angiogenesis-promoting molecules (Ruiz and Gunthert, 1996) . Our understanding of metastasis is still at its infancy. It is thus imperative that concerted efforts be made to identify the factors involved and to ascertain their relative contribution to metastasis. One clinical application of these molecules would be their use as prognostic markers in cancer control.
The nm23 gene (non-metastatic clone no. 23) was identified by differential colony hybridization performed on several murine K-1735 melanoma cell sublines of varying metastatic potential. nm23 RNA was tenfold greater in the low-metastatic-potential K-1735 lines compared with the high-metastatic-potential K-1735 lines (Steeg et al, 1988) . Transfection of nm23 cDNA into murine cell lines of high metastatic potential resulted in the suppression of metastatic potential using motility and colonization assays (Leone et al, 1991a) . This implies that nm23 is a potential metastasissuppressor gene and could function in the invasion and migration steps of the metastatic pathway.
Thus far, two human nm23 genes, nm23-HJ and nm23-H2, have been cloned (Stahl et al, 1991 (MacDonald et al, 1993) . Rather, the motilitysuppressive function of NM23-HI is likely to be associated with histidine-dependent phosphotransferase activity of the molecule (Freije et al, 1997) .
NM23 expression has been shown to be elevated in several different tumours of lower metastatic potential than in the corresponding tumours of higher metastatic potential, including breast, hepatocellular, ovarian and gastric carcinomas and melanoma (Rosa et al, 1995) . In other tumours, such as neuroblastoma and pancreatic carcinoma, surprisingly, the opposite trend has been reported.
The role of NM23-H1 in colorectal carcinoma (CRC) is still controversial. Conflicting observations have been reported at the DNA, mRNA and protein level for the Western and Japanese population. At the DNA level, allelic deletion or mutation of the nm23-HJ gene appears to be associated with distant metastasis in some studies (Cohn et al, 1991; Leone et al, 1991b; Wang et al, 1993; Cohn et al, 1997) but not others (Myeroff et al, 1993; Whitelaw and Northover, 1994; Cawkwell et al, 1994) . The expression of nm23-HJ mRNA has been found to be significantly lower in more advanced tumours (Martinez et al, 1995) or tumours associated with liver metastasis (Yamaguchi et al, 1993) . However, one study (Zeng et al, 1994) found that the mRNA expression was associated with local CRC progression rather than with metastasis. At the protein level, several studies have reported an inverse association of NM23-H 1 expression with tumour staging (Yamaguchi et al, 1993; Martinez et al, 1995; Tannapfel et (Royds et al, 1994; Lindmark, 1996) . One recent study (Indinnimeo et al, 1997) reported that overexpression of NM23-HI in primary CRC could be linked to disease recurrence.
The purpose of this study was to evaluate whether the expression of the NM23-H1 protein by immunostaining is associated with tumour stage, 5-year survival and disease recurrence in CRC for the Singapore population, which is predominantly Chinese. In addition, we also investigated the correlation of NM23-H1 expression with grade of tumour differentiation, age and sex.
MATERIALS AND METHODS

Patient selection
A total of 141 archival specimens from patients (53 women and 88 men) who had undergone excision of the colon or rectum between 1991 and 1992 in the Singapore General Hospital were included in the study. One pathologist routinely read all the specimens. Tumour staging was according to Dukes' parameters (Dukes, 1932) . Dukes patients were between 51 and 60 years, 54 patients were 61-70 years and 39 patients were more than 71 years old at time of operation. Of the tumours studied, 107 were classified as moderately differentiated, 14 were classified as poor and 11 as well differentiated by one pathologist.
Immunohistochemistry
Formalin-fixed and paraffin-embedded tumour tissues were cut into 4-jim-thick sections, deparaffinized in xylene and rehydrated. The slides were incubated in microwaved 0.01 M citrate buffer, pH 6.0, for 15 min for antigen retrieval. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide in water for 10 min. Sections were preincubated with 10% normal goat serum to reduce non-specific staining. The slides were incubated with a 1:30 dilution of a primary monoclonal antibody (NM23 Ab-1, clone NM301 from Oncogene Science) at room temperature for 2 h, washed with phosphate-buffered saline (PBS) and followed with a biotinylated secondary goat anti-mouse antibody (Dako no. E433) for 30 min. The slides were washed and incubated with strepavidinbiotin-peroxidase complex (Dako no. K377) for another 30 min. Diaminobenzidine (DAB) was used as a chromogen for colour development. Omission of the primary antibody was carried out as a negative control. The slides were counterstained with haematoxylin, mounted and scored using a Zeiss Axioskop microscope.
Scoring
The slides were scored independently by two individuals (CPY and CX) based on the criteria of intensity and proportion of British Journal of Cancer (1998) 77(7), 1164-1168 0 Cancer Research Campaign 1998 staining. An agreed score based on the summation of both intensity and proportion was given. A score of 0 was for no staining; 1 for weak, 2 for moderate and 3 for intense staining. Figure 1 illustrates the intensity of staining of the crypts. In Figure IA , the NM23-Hl staining (brown) in the cytoplasm surrounding the haematoxylinstained (blue) nuclei was considered to be strong. In Figure lB , the NM23-Hl staining in the crypts was moderate. In Figure IC , the NM23-H1 staining was weak and only slightly above background. Figure ID shows two crypts from a slide that had no NM23-HI staining. The tumour crypts, however, were heterogenously stained and crypts of varying intensity occur on the same slide. Thus, the score for intensity was based on the average intensity of the NM23-HI staining on the whole slide. The score for the proportion of cells stained ranged from 0 for no cell stained, 1 for less than one-third of the cells stained, 2 for between one-third and two-thirds of the cells stained and 3 for more than two-third of the cells stained. The score for intensity was added to the score for proportion stained to get a composite score, ranging from 0 to 6. A score of 0 meant no staining; a score of 1 or 2 was weak, a score of 3 or 4 was moderate and a score of 5 or 6 was strong staining.
Statistical analysis
Contingency tables and chi-squared test (Pearson) were used to evaluate the relationship, if any, between NM23-H1 expression and tumour staging, 5-year survival, grade of tumour differentiation, sex and age. Fisher's exact test was used to assess the relationship of NM23-H1 staining and disease recurrence. Differences were taken as significant when P (two-tailed) was less than 0.05.
RESULTS
NM23-H1 staining pattern
In the normal mucosa, NM23-H1 protein was expressed in the cytoplasm of the interstitial epithelial cells of the crypts but not in the goblet cells. Expression was also found in the cytoplasm of the stromal cells. The cytoplasmic staining was consistent with its deduced role as a cytokine response element to effect its biological function (MacDonald et al, 1993) . In the tumour crypts, the staining remained in the cytoplasm and varied from strong to no staining compared with the cytoplasm of the neighbouring stromal cells (Figure 1 ). Twenty-four samples had no staining, 62 had weak staining, 44 had moderate and 11 had strong staining. The no-or weak-staining slides were grouped together as weak and the moderate-and strong-staining slides were grouped together as strong for statistical analysis.
NM23-H1 expression stratified by Dukes' staging (Royds et al, 1994 (Cohn et al, 1997) . Another study found no significant correlation between NM23-H1 staining with overall survival for 202 CRC patients followed over a 9-year period (Lindmark, 1996) .
The findings from these two studies were thus similar to ours. However, we showed that NM23-H1 staining patterns were inversely correlated to tumour stages that were not documented by these studies. One recent study reported that NM23-H1 protein expression was elevated in 12 out of 20 primary CRC, and in four of these the disease recurred (Indinnimeo et al, 1997) . The authors inferred that a strong NM23-H1 protein expression was correlated with disease recurrence. In contrast, our data from 46 early-stage (Dukes' A/B) patients indicate that for the local population, NM23-H1 expression in early-stage CRC patients was not significantly correlated with local recurrence or distant metastasis.
We were unable to find any significant relation between tumour differentiation and NM23-H1 staining pattern. However, more than 80% of our samples were moderately differentiated, thus statistical analysis may not have been meaningful.
It is not surprising that no correlation between NM23-H1 expression and age or sex was found, as most NM23-H1 studies in CRC that had included age or sex found no association between these variables and NM23-H1 staining pattern (Yamaguchi et al, 1993; Royds et al, 1994; Zeng et al, 1994; Lindmark et al, 1996) .
In conclusion, our results indicate that, although NM23-H1 protein expression is inversely correlated with tumour staging by Dukes' criteria, its expression is not sufficient to predict the 5-year survival rate of CRC patients nor is it sufficient to predict whether an early-stage CRC would progress to more invasive tumour. Thus far, the CRC studies that have reported an inverse relation between NM23-H1 protein expression and tumour staging (Yamaguchi et al, 1993; Martinez et al, 1995; Tannapfel et al, 1995) had no data on overall survival or disease recurrence. Hence, we believe our result is the first reported instance whereby a significant inverse relation between NM23-H1 immunostaining status and tumour staging is not followed by a significant relation with overall survival or disease recurrence in CRC. Our result cautions against the practice of taking a significant inverse correlation with tumour staging as being equivalent to having a predictive value on survival or disease recurrence. A positive correlation does not necessarily imply a causal relationship and, although NM23-H1 may be involved in suppressing metastasis as indicated by its elevated expression in tumours of lower metastatic potential, it is apparently not a major factor in metastasis suppression and hence is not an independent prognostic indicator in CRC. NM23-H1 could be one of the factors involved in suppressing early stages of metastasis, such as invasion and migration, as it has been shown to suppress motility and colonization in melanoma and breast carcinoma cell lines (Leone et al, 1991a; Freije et al, 1997) . However, its role in CRC could presumably be replaced by other cellular proteins whose activity could be up-regulated with a concomitant down-regulation of the NM23-HI level in late-stage tumours through some yet unidentified interactive pathway. In addition, NM23-H1 expression has no significant correlation with the grade of tumour differentiation, age or sex.
